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(cGMP) production in cerebellar slices and obtained eviassociated with LTD (data not shown). Under our recording conditions, repetitive PF stimulation alone at 1 dence suggesting that only PKC is involved in the role of CRF in LTD induction.
Hz for 5 min did not induce LTD but instead a slight potentiation ( Figures 1C and 1D ). The average increase of PF-EPSP slope was 23.0% Ϯ 11.0% (n ϭ 9) at 40 min Results after the onset of PF stimulation. This is consistent with results obtained previously using similar experimental LTD Induced by Conjunctive PF protocols (Sakurai, 1987 (Sakurai, , 1990 Karachot et al., 1994) .
and CF Stimulation (LTDcnj)
Repetitive stimulation of CFs alone at 1 Hz for 5 min LTD of PF to PC transmission was represented by a caused no change in PF-EPSP slope (0.0% Ϯ 2.0% at decrease in the initial gradient of PF-induced excitatory 40 min after stimulation, n ϭ 3; data not shown). postsynaptic potentials (PF-EPSPs). LTD was induced by conjunctive PF and CF stimulation at 1 Hz for 5 min (300 stimuli) ( Figures 1A and 1B) , a protocol that has ␣-h CRF and Astressin Antagonize the Effect of CRF on PCs been shown to be optimally effective for inducing LTD in adult rat cerebellar slices (Karachot et al., 1994). LTD Two CRF receptor antagonists, ␣-h CRF and astressin, were used in the present study. ␣-h CRF is a commonly was presumed to have been induced when the decrease in the average initial gradients was larger than 25% both used CRF antagonist and has been shown to inhibit the effects of CRF with a Ki of 16.7 Ϯ 1.6 nM in brain tissues at 10 min and 30 min after conjunctive stimulation; 12 of the 14 PCs tested exhibited LTD. The average de- (De Souza, 1987) . Astressin is a novel and more specific antagonist than ␣-h CRF and has been demonstrated crease in the gradient of the initial rising slope of PFEPSPs in these 14 PCs was 38.0% Ϯ 4.8% (mean Ϯ to be 100-fold more potent in an in vitro biochemical analysis (Gulyas et al., 1995) and 17-fold more potent SEM at 40 min after the onset of conjunctive stimulation), which is similar to previously reported values (Karachot in an in vivo behavioral analysis (Martinez et al., 1997). We first confirmed that these CRF receptor antagoet al., 1994). Conjunctive stimulation had no effect on complex spikes induced by CF stimulation ( Figure 1A , nists antagonized CRF without side effects on the membrane properties or synaptic transmission in PCs. CRF inset). No consistent change in input resistance was (Figures 2Ae-2Ag) ; AHP recovered to 100.0% value of PF-EPSP slopes in the eight PCs increased to 110.5% Ϯ 12.0% of the control value obtained before Ϯ 0.2% (n ϭ 4) compared with the control AHP before CRF application. Similar recovery was also observed the conjunctive stimulation ( Figure 3B ). On the other hand, in the presence of 0.1 M astressin, a transient after the application of astressin (0.1 M) (100.0% Ϯ 0.9%, n ϭ 4). AHP was not reduced significantly followdecrease of PF-EPSPs was observed that recovered to the control value within 20 min ( Figures 3C and 3D) . At ing application of ␣-h CRF (1.0 M) alone for 15 min (97.9% Ϯ 0.3%, n ϭ 6). PF-EPSPs were not affected 30 min after conjunctive stimulation, the average PF-EPSP slope increased to 105.3% Ϯ 9.0% (n ϭ 11) of significantly by application of ␣-h CRF for 15 min (100.0% Ϯ 2.5%, n ϭ 5) or astressin (101.7% Ϯ 2.2%, n the control value obtained before the conjunctive stimulation. ϭ 5). Neither CF responses, input resistance, nor resting membrane potential were affected by these CRF antagTo examine whether CRF is involved in the induction or the maintenance of LTD, conjunctive PF and CF stimonists.
Neither conjunctive stimulation. In another series of experistimulation, there was no residual decrease of PFEPSPs (3.0% Ϯ 9.1%, n ϭ 13). Astressin (0.1 M) also ments, application of ␣-h CRF was initiated 25 min after the termination of conjunctive stimulation and continued blocked LTDdepo (average decrease at 40 min after the combined stimulation, 5.0% Ϯ 8.9%, n ϭ 4). These for 15 min ( Figure 4B ). The antagonist had no effect on the maintenance of LTD (by 32.3% Ϯ 7.1% at 50 min results suggest that CRF released by repetitive CF stimulation is not an essential prerequisite for the induction after the conjunctive stimulation, n ϭ 5). These results clearly indicate that CRF is a prerequisite for the inducof LTD. Presumably, ambient CRF that is present endogenously in cerebellar slices is sufficient for the induction tion but not the maintenance of LTD.
of LTD (see Discussion). Figures 5C and 5D) ; that inhibits LTD induction (Shibuki and Kimura, 1997). However, normal NO production was restored thereafthe transient decrease of PF-EPSPs obtained in response to PF stimulation combined with PC depolarizater, such that the NO-dependent cGMP production caused by PF stimulation is indistinguishable from that tion was followed by a return to control levels within 30 min ( Figures 5C and 5D) ; at 40 min after the combined in normal rats at 50-90 days after 3AP treatment (Okada adopted for the LTD experiments. In such PCs, presumably with no CF innervation, PF stimuli (1 Hz for 5 min) combined with depolarizing current pulses (200 ms) failed to induce LTDdepo in six of eight cells. The average decrease of PF-EPSPs in these eight cells was negligible (2.2% Ϯ 10.0% at 30 min after combined stimulation; Figure 6A ). It is unlikely that the inability to induce LTDdepo was due to a reduction of depolarizationinduced Ca 2ϩ entry, because depolarizing current pulses (200 ms) readily induced dendritic Ca 2ϩ spikes ( Figure  6A , inset), similar to the observation in control rats. Therefore, the inability to induce LTD was presumably due to the removal of CFs, depriving the cerebellar cortex of endogenous CRF.
LTD Induced by a Combination of PF Stimulation and PC Depolarization (LTDdepo) and Its Abolition of LTD by Chronic Destruction of CFs and Its Restoration by CRF Replenishment Inhibition by ␣-h CRF and Astressin
LTDdepo was restored when cerebellar slices from the 3AP-treated rats were incubated with extracellular solutions containing 0.1 M CRF for 3 hr before the recording was commenced ( Figure 6B ). The average magnitude of the restored LTDdepo was 28.0% Ϯ 10.9% at 30 min after the combined stimulation (n ϭ 7), comparable with the magnitude of the control LTDdepo in normal rats ( Figure 5B ). No such restoration occurred when the CRF concentration in the perfusates was decreased PCs by CRF is mediated by CRF receptors. It appears that all of the basic factors necessary for LTDdepo induction, except CRF, were preserved in 3AP-treated rat and Hartell, 1998). We therefore examined the rats 60-90 cerebella and that the LTD deficit in these cerebella was days after 3AP treatment. The treated rats developed due to the lack of endogenous CRF. clear neurological symptoms indicative of cerebellar LTDdepo was restored only partially when 0.1 M dysfunction but remained viable. We confirmed histo-CRF was applied for only 15 min, starting 10 min before logically in these rats that the inferior olivary neurons the LTDdepo-inducing combined stimulation; LTDdepo disappeared completely, except for a small number of occurred in three of the nine cells tested (average LTD neurons retained at the dorsal cap. In contrast, PC bodmagnitude in the nine PCs, 12.5% Ϯ 11.2% at 30 min ies and dendrites were strongly immunoreactive for calafter the onset of the combined stimulation). It was also bindin D28K in both 3AP-treated and control rats. Homoobserved that the effect of prolonged incubation with geneous staining patterns of the molecular layer and CRF was not blocked when ␣-h CRF (1.0 M) was ap-PC layer were observed in an overview of coronal secplied for only 15 min, starting 10 min before the onset tions of the vermis from both groups of animals. We did by CRF receptor antagonists (Figures 3 and 5) , and sec-6) and to increase membrane translocation of PKC (Table 1). Therefore, AHP amplitude is not a sufficiently ond, LTDdepo was abolished in the cerebella of rats whose CFs were destroyed by 3AP ( Figure 6A 
